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ORIGINAL CONTNBU~ON 

Laboratory and Flight Tests of 
Medical Equipment for Use in 

2 U.S. Army Medevac Helicopters 
n James E. Bruckart, MD, MPH, MC; Joseph FL Licina, MSS; and Martin Quattlebaum, BS 

When used in an air medical setting, medical equipment designed for use in hos- 
pitals can fail from the stresses of in-flight use, or they interfere with critical 
rotor-wing aircraft systems. From January 1989 to June 1992, 34 medical de- 
vices, including monitor/defibrillators, infusion pumps, vital-signs monitors, venti- 
lators and infant transport incubators, were tested under extreme conditions of 
temperature, humidity, altitude and vibration (MIL-STD 81 OD). Electromagnetic 
emissions and susceptibility were measured (MIL-STD 461C and 462), and 
human factors were evaluated. The devices were flight tested in a UH-60 
MEDEVAC helicopter. Thirty-two percent of the medical devices failed at least 
one environmental test, and 91% of the devices failed to meet electromagnetic 
interference standards. Failures included excess conducted and radiated emis- 
sions and susceptibility to radiated emissions. Five (15%) of the devices were 
judged unsuitable for use in the UH-60 MEDEVAC helicopter. Testing is critical to 
discover the ability of a medical device to perform in the harsh rotor-wing MEDE- 
VAC environment. Failure of a device or interference with aircraft systems can re- 
sult in loss of a patient or aircrew. 

Key Words: medical equipment, MEDEVAC, air medical transport, electromag- 
netic interference, safety 

Modem medical equipment signifi- 
cantly improves the medical team’s 
ability to monitor and treat the criti- 
cally ill patient in the hospital and 
during transport. These machines 
routinely pump fluids, assist respira- 

J 
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tions, monitor heart beats and blood 
pressure, or keep an infant warm. 
The sudden failure of a medical de- 
vice can endanger the lives of pa- 
tients. In addition, in air medical 
transports, if a medical device inter- 
feres with an aircraft’s systems, the 
fate of the aircraft and the lives of 
the crew and patient are threat- 
ened. 

The U.S. Army operates a fleet of 
helicopters worldwide. More than 
500 of these helicopters are desig- 
nated for medical evacuation tasks 
(MEDEVAC) during mobilization. 
However, even in peacetime, Army 

units can perform medical evacua- 
tions daily. These include missions 
to support local disaster plans, mili- 
tary training operations, Military 
Assistance to Safety and Traffic 
(MAST) programs, and the general 
military health care system. 

Environmental Hazards 
Most medical equipment is de- 
signed for use in the hospital envi- 
ronment and is rarely designed to 
withstand the rigors of transport In 
air medical transport, these rigors 
include extremes of temperature 
and humidity, vibration and shock, 
and altitude exposure. The U.S. 
Army has developed standards to 
define the extremes of temperature, 
humidity and vibration that a med- 
ical device might be exposed to dur- 
ing its operational life. The Army 
publication “Environmental Test 
Methods and Engineering Guide- 
lines” (MILSTD-NOD) details the 
specific requirements for testing air 
medical equipment.1 

Electromagnetic Compatibility 
More than 50 years ago, the U.S. 
Army discovered that the ignition 
system of military vehicles inter- 
fered with communications re- 
ceivers. This instigated the practice 
of setting standards to measure and 
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suppress electromagnetic emissions 
to prevent electromagnetic interfer- 
ence.2 

Electromagnetic interference in 
aircraft comes from a variety of 
sources: transmitters of radio fre- 
quencies, including those on the air- 
craft for HF, UHF, or VHF commu- 
nication and those on the ground 
for FM radio or VHF television 
broadcasts; aircraft power line (400 
Hz) electrical and magnetic fields; 
computer and avionics timing and 
control circuits that generate radio 
frequencies of 1 MHz or higher; air- 
craft power regulators; electrical 
switching transients from turning 
on and off aircraft lights, fans, or 
flaps; and electrostatic discharges, 
including lighting.3 These tran- 
sients and electromagnetic waves 
may transfer into wiring and cause 
electromagnetic interference to 
other aircraft systems or medical 
equipment used in the aircraft 

Currently, equipment that is 
being considered for procurement 
by the U.S. government is tested for 
electromagnetic compatibility in ac- 
cordance with standards established 
by MILSTD-461C, “Electromag- 
netic Emission and Susceptibility 
Requirements for the Control of 
Electromagnetic Interference,” and 
MXSlD-462, “EM1 Characteristics, 
Measurement of.“45 

This paper describes the results 
of medical device environmental 
and electromagnetic compatibility 
tests for 34 medical devices exam- 
ined from January 1989 to June 

Environmental Tests and Methods’ 

Altitude Test Operate device at l&000-feet altitude 
equivalent for 1 hour 

High-Temperature 
Test (Operating) 

High-Temperature 
Test (Storage) 

Low-Temperature 
Test (Operating) 

Low-Temperature 
Test (Storage) 

Vibration Test 

Operate device at 49’ C (120’ F) for 2 hours 

Store device at 63’ C (145’ F) for 1 hour, 71’ C 
(159’ F) for 4 hours, and 63’ C for 1 hour 

Operate device at 0’ C (32’ F) for 2 hours 

Store device at -46’ C (-114’ F) for 6 hours 

Vibration for 1 hour in each axis with 
signature equivalent to helicopter seat 

Humidity Test Operate device at 30’ C (66’ F), 95% relative 
humidity for 4 hours 

*In accordance with MIL-STD-BlODI 

1992. The results of these tests are 
used by the U.S. Army to determine 
which medical devices are suitable 
for use in Army aircraft 

Materials and Methods 
The U.S. Army program for testing 
and evaluating equipment for air 
medical operations was established 
for the equipment’s use on Army 
MEDEVAC aircraft A medical de- 
vice is tested at the direction of the 
Army medical department combat 
developer or materiel developer. 
First, each candidate medical device 
is examined to determine how it 
functions, including examination of 
electrical safety and battery life. 
Next, a human factors review is 

Electromagnetic Characteristics Tests* 

Radiated Emissions (RE) Assess maximum radiated emissions 
from 12 kHz to 12.4 GHz 

Radiated Susceptibility (RS) Assess tolerance to radiated 
electric fields from 10 kHz to 10 GHz 

Conducted Emissions (CE) Assess maximum conducted emissions 
from 10 kHz to 50 MHz 

Conducted Assess tokxance to conducted 
Susceptibility (CS) electrical energy from 10 kHz to 400 MHz 

‘In accordence with MIL-STD-461 C and MlL~9D-46~~~ 

52 2 
I 

completed; this includes checks of 
the visual displays, controls, main- 
tainability, conductors, fasteners, 
test points, test equipment, fuses 
and circuit breakers, labels and cod- 
ing, and safety of the device. 

In the next phase of testing, each 
medical device is evaluated to deter- 
mine its compatibility and perfor- 
mance in various temperature, alti- 
tude and humidity environments 
(see Table 1). 

Electromagnetic compatibility 
characteristics are determined by 
testing each medical device in a 
computer-cormolled electromagnet- 
ically shielded test chamber. First, 
while the device is operated, the 
electromagnetic field strength 
around the device is measured to 
determine the amount of electro- 
magnetic energy conducted and ra- 
diated by the device. Next, the med- 
ical device is exposed to conducted 
and radiated electromagnetic fields 
to see if the device will malfunction 
when exposed to electromagnetic 
energy. The minimum field 
strength that leads to failure of the 
device is recorded for each narrow 
frequency band in the electromag- 
netic spectrum.6 The electromag- 
netic characteristics tests are de- 
tailed in Table 2. 
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If the medical device performs 
properly in laboratory testing and 
does not produce strong electro- 
magnetic fields within specific fre- 
quency bands, the device is ap- 
proved for limited flight tests. 
During flight tests, the medical de- 
vice is operated by a military physi- 
cian in a UH-60 Black Hawk heli- 
copter (Fig. 1). During these tests, 
every aircraft system is operated 
while the device is in service to en- 
sure that it does not interfere with 
the aircraft’s systems or that the air- 
crafts systems do not interfere with 
the medical device. 

Results 
From January 1989 to June 1992,34 
medical devices completed labora- 
tory and flight tests at the U.S. 
Army Aeromedical Research 
Laboratory. These included cardiac 
monitor/defibrillators, infant trans- 
port incubators, IV infusion pumps, 

/ 
suction pumps, blood pressure 
monitors and ventilators. 

I None of the medical devices 
. failed the electrical safety evalua- 

tion. At least one human factor defi- 
ciency was noted in 17 (50%) of the 
medical devices tested. The most 
common deficiencies were the ab- 
sence of circuit breakers and the ab- 

sence of illumination controls for 
the display. 

Table 3 details the number and 
percentage of medical devices that 
failed in environmental tests. Eleven 
(32%) of the medical devices failed 
at least one of the environmental 
tests. This included three failures in 
the altitude chamber, four failures 
in each of the high-temperature and 
low-temperature operation tests, 
and two failures in the high-humid- 
ity environment. As a group, none 

of the medical devices failed as .a re 
suit of exposure to vibration. 

Table 4 details the number and 
percentage of medical devices that 
failed electromagnetic characteris- 
tics tests. Thirty-one (91%) of the 
medical devices failed at least one of 
the tests. None of the devices failed 
the conducted susceptibility tests 
and the mechanical ventilators 
passed all electromagnetic charac- 
teristic tests. 

Among the 34 medical devices 
tested during the past three years, 
five devices (15%) were found unfit 
for use in U.S. Army medical evacu- 
ation helicopters: three IV infusion 
pumps, a suction pump and a blood 
pressure monitor. 

Discussion 
Failure of IV infusion pumps in the 
altitude chamber was typically 
caused by air bubbles in the admin- 
istration set. This frequently pro- 
duced an “air-in-line” alarm and the 
unit would revert to a keep-vein- 
open (IWO) infusion rate. High-tem- 
perature problems in the transport 
incubators were caused by improp- 
erly calibrated “high temp” alarms; 
these failed to respond when the in- 
cubator temperature exceeded set 
temperature. One defibrillator 
model would not‘ synchronize to the 

Number and Percentage of Medical Devices 
Failing Individual Environmental Tests 

High Low 

Type of Device Altitude Temp Temp Humidity Vibration 

Infusion Pump 3 (43%) 1(14%) 0 1 (14%) 0 

(n=7) 

Monitor/Defibrillator 0 1 (17%) 0 1 (17%) ‘0 

(n=6) 

Blood Pressure 0 0 0 0 0 

Monitor (n=5) 

Suction Pump (n=3) 0 0 1 (33%) 0 0 

Pulse Oximeter (n=3) 0 0 1 (33%) 0 0 

Infant Transport 0 2(67%) 2 (67%) 0 0 

Incubator (n=3) 

Ventilator (n=2) 0 0 0 0 0 

Miscellaneous (n=5) 0 0 0 0 0 
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Number and Percentage of Medical Devices 
Failing Electromagnetic Characteristics Tests 

Type of 
Device 

Infusion 
Pump (n+ 

Radiated Radiated Conducted Conducted 
Emissions Susceptibility Emissions Susceptibility 

7 (100%) 0 4 (57%) 0 

Monitor/ 
Defibrillator (n=6) 

5 (83%) 4 (67%) 4 (67%) 0 

Blood Pressure 5 (100%) 2 (40%) 5 (100%) 0 
Monitor (n=5) 

Suction Pump 3 (100%) 1 (33%) 1(33%) 0 
(n=3) 

Pulse Oximeter 3 (100%) 3 (100%) 2 (67%) 0 
(n=3) 

Infant Transport 3 (100%) 1 (33%) 2 (67%) 0 
Incubator (n=3) 

Ventilator (n=2) 0 0 0 0 

Miscellaneous 4 (80%) 3 (60%) 3 (60%) 0 
(n=5) 

ECG signal when in the humid envi- 
ronment; however, unsynchronized 
defibrillation was possible. The unit 
operated normally when returned to 
ambient conditions. 

All of the medical devices tested 
in the program passed the con- 
ducted susceptibility tests. This is 
probably the result of current isola- 
tion design consideration in medical 
devices to protect patients from in- 
advertent grounding. 

Many devices produced electrical 
emissions on their power fines that 
exceeded the military standard. 
These emissions could interfere with 
aircraft power circuits. Most of the 
medical devices tested in this pro- 
gram exceeded the radiated and con- 
ducted emissions standard for use in 
U.S. Army helicopters. Most of these 
failures involved weak electrical 
field strengths or narrow frequency 
bands that were not used by comuni- 
cation or navigation radios in the air- 
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craft In recognition of this, most of 
these devices obtained airworthi- 
ness releases and were successfully 
test flown in tbe UH40 aircraft 

In a test of electromagnetic field 
strengths produced by the U.S. 
Army helicopters, a dramatic exam- 
ple of electromagnetic interference 
was produced.7 A monitor/detibrilla 
tor was operated with a simulated 
ECG signal in a III-I-1 helicopter on 
battery power. When the Fh4 radio 
transmitter in the aircraft was keyed, 
an interference pattern, similar in ap 
pearance to ‘atrial fluttery was seen 
on the ECG monitor @ii. 2). 

A suction pump and two infusion 
pumps were judged to produce sti 
ficient emissions to be a potential 
hazard in the aircraft. They were 
not issued airworthiness releases 
and were not test flown. Another 

. infusion pump was judged unsatis 
factory because it always produced 
an “air-in-line” alarm during alti- 

I Normal EC% tracing ECG tracing during FM transmission 

Figure 2. Emnph? of electromcrgn etic intetference in an ECG monitor on board an 
opemtkg U.S. Anny MEDEVAC helicopter. 

- _ 
- _ 

tude chamber tests. Finally, a non- 
invasive blood pressure monitor 
could not differentiate the Kortkoff 
sounds of the blood pressure in the 
high ambient background noise 
produced by the turbine engines of 
the Black Hawk helicopter. 

Conclusions 
The lives of patients and the safety 
of the aircraft depend on the proper 

operation of medical devices. This 
includes operation in the harsh en- 
vironment produced by extremes of 
temperature, humidity, altitude and 
vibration. In addition, the sophisti- 
cated electronics of aircraft systems 
and individual medical devices may 
not be tolerant of stray electromag- 
netic signals. Interference can ren- 
der a medical device or aircraft sys- 
tern unusable or produce more 
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insidious changes like the “atria1 
flutter” seen on an ECG monitor. 

When a medical device or air- 
craft system fails unexpectedly, the 
operating environment and possibil- 
ity of interference could be the cul- 
prit. Laboratory evaluation of the 
characteristics of each medical de- 
vice provides useful information to 
predict the actual performance of 
the device in air medical transport 
service. n 
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Editor’s Note: The U.S. Army can- 
not publish a list of manufacturers 
involved in the tests described in this 
paper. However, the information on 
any specific piece of equipment is 
available to individuals under the 
Freedom of Information Act. Please 
write to Dr. Bruckart in care of U.S. 
Army Aeromedical Research 
Laboratory, Fort Rucker, AL., 36362- 
5292. 
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